Normal mode phonon transmissions are studied in carbon nanotubes with the presence of StoneWales (SW) defect, using a mode-matching method and through the analysis of symmetry. The calculation shows that the transmission for low group velocity acoustic phonons is evidently reduced at high frequency range, and that this SW defect induced symmetry breaking strongly inhibits the transmission of long wave optical phonons in carbon nanotubes. The characteristic features of transmission for each phonon mode depend on the symmetry. These findings suggest that the local heating in the defective nanotubes may be contributed mainly from the low group velocity acoustic phonons and optical phonons near the Γ-point.
But the mode-matching method is valid only in the elastic regime, where the anharmonic scattering is neglected. In the low-dimensional carbon nanotubes, anharmonic scattering does not play an important role in thermal transport below room temperature and thermal transport is found almost ballistic through the experiments. 6, 7 The dominant scattering mechanism is elastic due to topological defects or impurities in CNTs at low temperatures.
Therefore, we focus our discussion on the elastic regime. The mode-matching is the exact method of calculating the single mode phonon transmission for the elastic scattering.
We assume that one normal mode 13,14,15ũ l,n (ω, q) =ẽ n e i(q·R l −ωt) is incident from the left lead, where each eigenvectorẽ n satisfies the dynamic equation of motion 15 Dẽ n = ω 2ẽ n . Here D is the dynamic matrix for the unit cell on the perfect lead, l denotes the atom in the l unit cell, R l denotes the position for the l unit cell, and n refers to the polarized phonon branch. Angular frequency is denoted as ω, wavevector as q. Due to the defect scattering in the central region, the solution for the left/right perfect leads can be written as
where n, n ′ , n ′′ refer to the different polarized branches of incident, reflected and transmitted waves. Wavevectors for the incident, reflected, and transmitted waves are q, q ′ , and q ′′ , respectively. The superscript L and R indicate the left and the right. In these equations, t RL n ′′ n , t LL n ′ n are the amplitude transmission/reflection coefficients from mode n on the lead L to mode n ′′ on lead R and to mode n ′ on lead L. The wave vectors q ′ and q ′′ are found to satisfy ω = ω n ′ (q ′ ) = ω n ′′ (q ′′ ) using the generalized eigenvalue decomposition method. 14 Note that frequency does not change because the scattering is elastic. The group velocities v g for the reflected wavesũ l,n ′ (ω, q ′ ) are backward v g < 0, for the transmitted waves v g > 0. In order to obtain the coefficients t 
Here E(−) = {e 1 , e 2 , · · · , e n ′ } is the matrix formed by the column eigenvectors for the reflected normal modes. Λ l (−) is the diagonal matrix with the diagonal terms ranging from 
We find that the calculated number of symmetries for (11, 0) CNT from the force constants The transmissions as a function of frequency for optical modes are shown in Fig. 3 . In contrast to the transmission for acoustic modes, the optical mode transmissions have very small values at Γ points because of the low group velocities. This is quite different from the transmission for acoustic modes. The long wave optical phonons are scattered strongly by the SW defect in CNTs. Thus, the optical phonons at Γ points transport less energy in the SW defect CNTs. Optical mode phonons near Γ points contribute more to local heating in the SW defect CNTs. We suggest that this feature can be verified experimentally by measuring the intensities of Raman-active modes such as A 1g . With the increase of frequency, the optical mode transmissions increase as shown in Fig. 3 . In comparison with the transmission of E 3u mode, the transmission for the RBM mode shows more peak features.
This can be explained by differences in their symmetrical properties. As shown in the picture (B2), (B3) and (B4) in Fig. 1 , the vibrations of A 1g mode have higher symmetry than those of E 3u mode while the vibrations of the E 3u and E 5u modes seem to distort the symmetrical structure of CNTs. Therefore, the transmission for the A 1g mode is more sensitive to the SW through their transport features after the symmetry breaking.
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